ABSTRACT
INTRODUCTION
The noise inside a vehicle cavity or a tractor cab is produced by the complex vibrations of all the structural surfaces enclosing the vehicle body or the tractor cab. It depends upon (a) the characteristics of the applied forces and (b) the response of the structural/acoustical system of the tractor cab [1] . Narrow band analysis of the interior noise shows that it is composed of discrete components with frequencies corresponding to the harmonics of the engine and wheel rotational frequencies [2] . The road noise is usually regarded as random since the impulses exciting the tractor cab or vehicle body occur in a random manner, however due to the unavoidable unbalance of wheels distinct harmonics can usually be detected [3] . The aim of the designer is to reduce the engine components to a level where they are subjectively masked by the road excited noise even for the smoothest surfaces-high quality tractors or vehicles. This can be achieved by employing well balanced engines where only the higher order engine components are unbalanced and these are of a relatively small magnitude [4] . On the other hand, the choice of tyres for a tractor alters the frequency of the road excited noise by up to about 500 Hz and therefore, gives one a different subjective impression of the vehicle or the tractor. For example the use of radial-ply tyres can give a large reduction in sound pressure level at low frequencies but unfortunately this only adds emphasis to the engine components [5, 6] . The prototype tractor cab offers the best means at present of providing a reasonably quiet working environment for the operators. This prototype tractor cab must be a complete integral enclosure having vibration isolation from the chassis, panel resonances must be controlled, have no strong sound sources inside the cab and should have an absorptive lining to reduce the build-up of reverberent sound [7, 8] . However, the effect of tractor driving conditions, i.e. engine speed, tractor speed, gear-shift, tractor cab mounting, tractive effort, loading and road roughness coefficient on the tractor interior noise is also present in the frequency range up to 2000 Hz. The aim of the present paper is to investigate the real tractor interior cab noise when a selected fabricated cab construction is added.
DESCRIPTION OF THE TEST RIG AND TEST PROCEDURE
The description of the test rig used for the selection of the suitable fabricated tractor cab is presented in [9] , and a layout is shown in Figure 1 . However, a full-scale prototype tractor cab was made and is shown in Figure 2 The layout of the full-scale prototype tractor test rig and instrumentation system [9] Figure 2. The layout of cab box side with foam or sponge [9] Figure 3 shows the arrangement of the equipment used for measuring the interior tractor cab noise when the selected fabricated cab (2) was added onto the real tractor. A Naser 65 tractor (1) was selected to carry out this investigation. A half-inch microphone was located at the operator's head position (3) , and connected to a sound level meter (4) then connected to octave-band filters (5) . The signal from the filter is fed into a data acquisition system (6) for analysis. Prior to testing, tractor tyres inflation pressures, front weight balance, engine cooling water and oil lubrication were checked and adjusted according to manufacturing recommendations. The measuring instrumentation was calibrated and connected. The measurements were begun by setting the tractor at the appropriate driving condition (i.e. gear-shift, load, speed,...etc.). 
FABRICATED TRACTOR CAB NOISE CHARACTERISTICS
This test was carried out to define the effectiveness of the added cab onto the tractor. The measurement was taken at a point representing the operator's head position in the free field. The only source input was the engine. The cab is glazed for its upper 2/3 of height from the upper edge of the back and side panels and 1/3 is covered by sponge. These tests are designed to indicate the influence of tractor road speed, tractor engine speed, the road surface types, tractor cab rubber isolation, tractor gearshift and the tractive effort loading. For each of which, the noise level in terms of sound pressure level in dB ref. Octave band-and broad-band average noise reduction (NR) calculated for a selected fabricated tractor cab. Figure 6 shows the relationship between SPL and frequency measured at the operator's head position for the real tractor with and without adding the fabricated cab. The spectra were measured at a tractor speed of 10 km/h in 3rd gear, without load in the laboratory. It is clearly seen from the figure that when the cab is added, the SPL in terms of octave-bands is reduced. The reduction level varies from one octave-band frequency to another. In terms of broad-band averages, a considerable reduction exists from (94 dB) without the cab to (88 dB) with the cab. This reduction may be attributed to the interaction between both the cavity and the cab structural panel resonant frequencies. Figures 7 and 8 show the influence of tractor engine speed on SPL measured at the tractor operator's head position in terms of both octave-band and broadband averages respectively. The engine speeds were 500, 1000, 1500 and 2000 rpm. The results in both figures indicate that the increase in engine speeds is accompanied by an increase in SPL. Moreover, the octave-band trends are the same over the entire speed engine range considered. Bearing in mind that the excitation is only due to the engine. The influence of tractor speed on the SPLs measured at the tractor operator's head position is shown in Figures 9 and 10 in terms of both octave-band and broad-band averages. The tractor speeds were 10, 13, 15, 18 and 21 km/h in 3rd gear. The results indicate that some discrepancies occur at low octave-band frequencies (Figure 9 ), while in higher bands the increase in tractor speed is accompanied by an increase in SPLs. In Figure 10 , the increase of tractor speed increases SPLs in terms of broadband averages. Bearing in mind that the excitation is due to both road surface, engine and drive line where the road surface is a smooth one (chassis dynamometer). Figure 9 .
RESULTS AND DISCUSSION
Interior sound pressure level for the real tractor at the operator's head position at different tractor speeds. In Figures 11 and 12 , the influence of gear-shift on the measured SPLs at the tractor operator's head position is shown in terms of octave-band and broadband averages respectively. The tractor speed was 10 km/h. As indicated in both figures the 1st gear-shift gives the highest SPL when compared with either the 2nd or the 3rd gear-shift. The inputs in this case are road surface, engine and drive line. Interior sound pressure level for the real tractor at the operator's head position for different gears. Figure 13 shows the influence of the types of road surface construction on the SPLs measured at the tractor operator's head position. Two types of road surface were considered, the first one is smooth (chassis dynamometer) and the second is a real farm road surface. The results are presented in terms of octave band and broad-band averages. The tractor speed is 10 km/h in 3rd gear. It is clearly seen that there are some discrepancies particularly at low octave band frequencies, where the farm one is showing a lower SPL than the smooth one particularly at octave-band centre frequencies above 63 Hz. This is attributed to the influence of slip in the roller interface. The excitations are from engine, road surface and drive line. The tractive effort load here refers to the force or load generated or carried by the tractor type or axle. Figure 14 shows the interior cab sound pressure level in terms of octave-band and broad-band averages. The influence of the tractive effort loading is clearly observed in low frequency bands up to 125 Hz, while at the frequencies above this the SPL measured is reduced as the generated tractive effort load is increased. This may be attributed to the fact that either load or surface damps the vibration responses generated, and consequently reduces the resultant noise generation. At this stage, the fabricated cab was mounted directly on to the tractor (i.e. metal to metal). It was suggested that to control the SPLs measured inside the cab, some absorbing materials were added to fix the cab to the tractor chassis. Figures 15 and 16 present the results of such tests where rubber laps were added. The tractor speed was 10 km/h, in 3rd gear on the smooth road surface. The effectiveness of adding such rubber laps is clearly seen in Figure 16 which indicates that the increase of rubber thickness is accompanied by decrease in SPLs measured at the tractor operator's head position. 2. The influence of tractor speed on the measured SPLs at the tractor operator's head position shows them to be increased as the tractor speed increases but there are some discrepancies in octave-band averages particularly in the low frequency ranges. Furthermore, the gear-shift, tractor load and type of road surface construction play an important role in the interior noise generated within the tractor cab.
